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CLAIMS 



1 . \ method of making a recessed gate field effect power MOS device, 

the method comprising: 

forming a substrate (20) including first and second doped layers (24, 
26) of first ^nd second opposite dopant polarities to define a body region 
adjoining an ufter surface of the substrate and an underlying drain region; 
forming arching protective layer (30) on the upper surface (28) of 

the substrate; \ 

masking and patterning the^chin> protective layer to define an 
exposed first area (46) a\apr^ected second area of the upper surface of 
the substrate demarcatedjWosite sidXlls of the trenching protective 

layer; / \ // 

forming sidewa/ spacers (>4) ha/iJg inner surfaces (48) contacting 

opposite sidewalls / the trenchingVteJtive layer (30) and outer surfaces 

(47) spaced a predetermined spacin^^Vom the sidewalls of the trenching 

protective layer; I / \\. ^^-^ 

forming in th\first are/ (46) of the\^traTeT between the outer 
surfaces (47) of the slaWl spacers (44) Na first trench (50) having 
sidewalls aligned relative to the outer surfaces (W of the sidewall spacers 
and extending at least through the layer (26) definite body region to a 
bottom wall at least a predetermined depth (56) from theWr surface of the 

substrate; \ 

forming a gate oxide layer (60) on the first trench sidewalls; 

filling the first trench with polysilicon (62) to a level (64) spaced 

between the upper surface of the substrate and a top surface of the\enching 

protective layer (30); 
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\pplying a protective layer (68) selectively overthe polysilicon (62) filled 
into the first trench, between the sidewall spacers (44) and in contact with the 
outer surfaces (47) of the sidewall spacers; 

removing the trenching protective layer to expose the second area of 
5 the upper surface (28') of the substrate between the inner surfaces (48) of 

the sidewall spac« 

doping the second area of the upper surface (28') of the substrate 
between the gate oxide\yer (60) onjt^fapch sidewalls with dopant of said 
second dopant polarity toNc^p^Tource region (72) atop the body region 

10 (26'); , x .. 

forming, in the second ar\of tha/sfubstrate (28 1 ) between the inner 

surf aces (48) of theAidewall spaV/tfO. a second trench (80) having 
sidewalls aligned re/ative to the innefWfaces of the sidewall spacers and 
extending through /he layer (72) d/inindthe source region to a bottom wall 
1 5 in the body region/ (26") of the s^strate;l&nd 

depositing I source c/ductive la\eV94nn.the second trench in 
contact with the soVfceje^on and the body region; 

the second trench (80) through the sourc^region and body region 
defining vertically-oriented source and body layers (8a 90) stacked along the 
20 gate oxide layer (60) on opposite sidewalls of the second trench (80) and 
having a lateral thickness (88) established by the predetermined spacing of 
the inner and outer surfaces of the sidewall spacers. 

2. A method according to claim 1 in which the body layer (90.^is sized to 
25 a lateral thickness (88) less than a vertical height (83) thereof. 

3. A method according to claim 1 in which the body layer (90) is sfzed to 
a lateral thickness (88) less than 1 /^m. 
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4 (\\ method according to claim 3 in which the vertically-oriented body 
layer (\) is doped to a first doping concentration and a laterally-extending 
portion of\he body region (26«) is doped to a second doping concentration 
greater tha\the first doping concentration. 

5 A methooNaccording to claim 1 including forming an insulative layer 
(68) between the\dewall spacers (44) over the source conductor (94) to 
electrically isolate t\ gate conductor (62) from the source conductor. 

6 A method accordiWol^ 1 in which the second trench is formed 
to a depth (82) such thAe source conductive layer (94) extends vertically 
along both the sour/ and bW layer^e, 90) to form a short across a PN 
junction formed th4rebetwee\and contacts a laterally-extending upper 



surface of the bo/y region (26) a\a position spaced below the PN junction 




7 A method 'according to claim 1 >n v^rcrtsGbstrate (20) includes a base 
layer (122) unde l r^ng^efirst doped lW (24) and doped with a dopant of 
said first polarity to a doping concWation greater than a dop.ng 
concentration of the first doped layer ( 2 \to form a three-.ayer power 
MOSFET. 

8 A method according to claim 7 in which the\rst trench is formed to a 
depth (156) extending into the base layer and the gafeoxide layer is formed 
in a first portion (1 60A) having first thickness in a lowerWion of the trench 
and a second portion (160B) having a second thickness i\an upper port.on 
of the trench, the first thickness being greater than the second thickness. 
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9 \A method according to claim 1 in which substrate (20) includes a base 
layer 02) underlying the first doped layer (24) and doped with a dopant of 
said second polarity to define a four-layer PNPN device. 



10 



1 o A method according to claim 9 in which the first trench is formed to a 
depth (256) wKnin the first layer spaced above the base layer and the gate 
oxide layer is for^d in a first portion (260A) having a first thickness in a 
iower portion of the\ench and a second portion (260B) having a second 
thickness in an upper jWicn oMjjnfSn*^ firs, thickness being greater 
than the second thicknes) 



iim1 in wf 



15 



20 



25 



first/ 



1 60 A\260/ 



rencl 



is formed with a first thickness; 
to a second depth less than the 



11. A method according to ^»ai 
the first trench is formed tc 
a first gate oxine layer (1 1 
a filler material is filled into tl; 

first depth; , „ 

a portion of k first^ate oxide V " ' s ™ ved abOVe th9 "" e ' 

material; x 

a second gate oxide layer (160B, 26>B) is formed with a second 

thickness; and 

the trench is filled above said second dep\h with a conductive gate 
material. 

1 2 A method according to claiml 1 in which the fiW material includes 
polysiliccn and the second gate oxide layer (160B. 260B^s formed over the 
potysilicon. 



13. A 



method according to claiml 1 in which the filler matVial includes 
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xrforesist and the photoresist is removed before the second gate oxide 

layW is formed. 

1 4 A Method according to claiml in which the trenching protective layer 
comprised thin oxide layer (32) formed atop the upper substrate surface, 
a polysilicor^aver deposited on the thin oxide layer, and a thick oxide layer 
(36) deposited dta the polysilicon layer. 

^ 5 A method ac\ding to claiml in which the trenching protective layer 
(330) comprises a fir\ox ide layer (32) formed atop the upper substrate 
surface, a first po.ysi.ico^ay^^Td^ited on the first oxide layer, 
a second oxide layer (36>&) formed on/fj4 first polysilicon layer; and a 
second polysilicon laye/(338>deposite^ni(he second oxide layer. 

1 6 A method aco4ding to clalrWfn wh ch the first trench and the gate 
oxide layer and ga/e conductor Wiethe fif^ttrenchdefine a gate structure 
which is laterally patterned in 
matrix enclosing 



: 0 dimension>tcraefine an interconnected 
plurality/Zislands, ea\sh island being formed with said 
second trench exie^into a central portion thereof and containing a 



downward extending finger of source conduct\surrounded by a portion of 
the source and body layers (86, 90) including W.cal channel hav.ng a 
width defined in each island by a perimeter of the island. 

1 7 A method according to claim 1 6 in which the body (90) is sized to 
a lateral thickness (88) proportionate to the predetermined spacing (52) 
between the inner surfaces (48) and outer surfaces (47) ^the sidewa.l 
spacers (44). 
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1 a Xmethod according to claiml including forming at least two of said first 
trenchant a predetermined lateral spacing and forming said second trench 
between th\flrst trenches at a spacing therefrom determined by said 
predetermining (52). between the inner and outer surfaces of the 
sidewall spacers/thefirst trenches each containing the gate oxide layer and 
gate conductor, the soW cprtduc^tending into the second trench and 
contactingthevertically^ted source and body layers (86, 90) onoppos.te 

sides thereof. 

1 9 A method acc/rding to cla^Kfein which the body layer (90) is sized to 
a lateral thicknesls (88) pro^ion^o predetermined spacing (52) 
between the inner^urjap^ (48) ano^surfaces (47) of the sidewall 

spacers (44). x 

20 A method according to claim 1 in which th\body layer (90) is sized to 
a lateral thickness (88) proportionate to the predetermined spacing (52) 
between the inner surfaces (48) and outer surfaces^) of the sidewall 
spacers (44). 

21. A recessed g'ate field effect power MOS device having a vertically 
oriented channel comprising: 

(20) including first and second laterally- 
rst and second opposite polarity dopants 
ld^fiying drain layer (24); 
^llsextebding depthwise from an upper 
the body layer to a bottom wall 
thfe upffer "surface of the substrate; 
ie trench shstewalls and bottom wall; 



a semiconductor su 
extending layers (24, 26) 
defining a body layer (26) and 

a first trench (50) having s 
surface (28) of the substrate at 
at a predetermined depth from 

a gate oxide layer (60) o 



a first, gate conductor (62) filling the firstWh depthwise to at least 
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a\ elevation of the upper surface of the substrate and contacting the gate 
oxidte layer on the trench sidewalls; 

^vertically oriented layer (86, 90) of semiconductor substrate extending 
upwardlLg the gate oxide layer (60) on opposite sides of the first trench 
from the bodHayer to the upper surface of the substrate; and 

a verticaHyNaxtending source conductor (94) contacting the vert.cally 
oriented layer on a\|de opposite gate oxide layer and gate conductor; 

the vertically o\ted ^er Including a first vertical layer port.on (90) 
contiguous with the body\Jfr doied with said first polarity dopant to define 
an active body region includ* a/vertical channel and a second vertical layer 
portion (86) atop the first ven^f^^BO) and forming * PN iUnCt '° n 
therewith; 



the second vertical laye\bortion 
dopant to form a source region cont 
source conductor electrically sh 
region across the PN junction 



doped with said second polarity 
the active body region, and the 
lurce region to the active body 



22 A recessed gate field effect power MOS devic\according to claim 21 
in which the first vertical layer portion has a lateral thicWss (88) less than 
a vertical height (83) thereof. \ 



23. A recessed gate fiel 
in which the first vertical 
1 fj-m. 




ower MOS device according to claim^ 



■portion has a lateral thickness (88) less than 



24 A recessed gate field effect pV^OS device according to claim 23 
in which the first vertical layer poAbUo) is doped to a first doping 
concentration and the laterally-exte^n^M layer (26) is doped to a 
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:ond doping concentration greater than the first doping concentration. 

25 Accessed gate field effect power MOS device according to claim 21 
including T^tically-oriented sidewall spacer (44) extending upward from the 
the upper surface of the substrate atop the vertically oriented layer . 

26 A recessed gat\eld effect pojwacMOS device according to claim 25 
including one of said verbally orated layers on each side of the trench , 
each having one of said ve\calf oriented^ewall spacer thereon, and an 
insulative layer (68) extendin^terally between atop the sidewall spacers 
over the gate conductor 

27 A recessed gate field effectlowV MOS device according to claim 21 
including means (44, 68, 60) definiL an insulative lay/ electrically isolating 
the gate conductor from the source^conducf^r. 

28 A recessed gate field effect pc^ e^^dVe according to claim 21 
in which vertically-extending source^Snductor (94\contacts the laterally- 
extending body layer at a position spaced below the Injunction. 

29 A recessed gate field effect power MOS device accord) to claim 28 
in which the first vertical layer portion is doped to a first doping concentration 
defining a threshho.d voltage of the channel and the laterally-extending body 
layer is doped to a second doping concentration greater than the firsYdoping 

concentration. 

feet power MOS device according to claim,** 
;he gate oxide layer and gate conductor within 



30. A recessed gat< 
in which the first trench 
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the trench form a gate stru\ture which is laterally patterned in two dimensions 
to define an interconnect^ matrix enclosing a plurality of islands each 
containing a downward filing finger of source conductor surrounded by 
a portion of the active bodyWbkn including said vertical channel, the channel 
having a width defined in eadh island by a perimetral length of the island. 




31 Xcessed gate field effect power MOS device according to dalm*f 
includinglheast two of said first trenches spaced laterally apart withgvo of 
7 said verticallyViented layers of semiconductor substrate def.ningfajsecond 
1 0 \ trench between ^first trenches, the first trenches containing the gate ox.de 
.ayer and gate corWtor. said source conductor extending into the second 
I trench and contacting vertically oriented layer on[op^osi^idesthe^ 
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32 A recessed ga\field effect power MOS device according to claim,* 
in which the substrate \cludes a base layer of said first polarity dopant such 
that the device defines a\ alternating PNPN four-layer structure wherein the 
body layer defines a bas\of an upper bipolar transistor and a collector of a 
lower bipolar transistor. 
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tect power MOS device according to claim ^ 
predetermined depth (156, 256) within the(first] 
ay4\ncludes a first portion (160A, 260A) having a 
first thickness in a lowef portloLf the trench and a second portion (160B, 
260B) having a second thicknesU an upper portion of the trench, the first 
thickness being greater than the tecond thickness. 



33. A recessed gate, 
in which the first trench 
layer and the gate oxide 
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